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5.)/6.3( 7&3%-)*8( 9:#; 4 +!.+#$!+ I,! ,*1)14&% # %!+%# ($1.'2(1# -! ",.'1#.&K
%!.*# -#+ *!$%2+*#$!+7 # '#%(#$*&%!.*# -#+ %&*!$1&1+ +!%1'#.-,*#$!+ +!$!% -!K
(!.-!.*!+ -& *!%(!$&*,$&8 : F&.*&0!% -!++!+ '1$',1*#+ ; I,! .,% V.1'# !.'&(K
+,)&%!.*#7 '#.*;% *#-#+ #+ '#%(#.!.*!+ .!'!++H$1#+ (&$& -!*!$%1.&$ & *!%(!$&K
*,$&8 W% +1%()!+ !>!%()# -!++& &()1'&56# ; ,% -2#-# -! G,.56# (.7 #.-! & $!)&56#
*!.+6#K'#$$!.*! -!(!.-! -& *!%(!$&*,$& -! "#$%& !>(#.!.'1&)8 O++& $!)&56# (#-!
+!$ '&)',)&-& & (&$*1$ -& !I,&56# -! XO=!$+KY#))ZJ
&&
I(V,T ) = I
 
(T )
[
e
qV
kT − 1
]
⇒ V =
kT
q
log
[
1 +
I
I
 
(T )
]
 !"#$
I
 
→ %&''()*( +( ,-*.'-/0&
k → %&),*-)*( +( 1&2*34-))
q → %-'5- +& (2(*'0&
T → 6(47('-*.'-
8 9:;< = .4 >?'>.?*& ?)*(5'-+& >&472(@& A.( .*?2?3- +( +B&+&,C *'-),B,*&'(, (
-472?ﬁ>-+&'(, 7-'- &E*(' .4- '(2-/0& ()*'( - *(),0& ( - *(47('-*.'- 2?)(-' +( #F
4GH
◦
%" I- J?5.'- !"#KC = 7&,,BL(2 &E,('L-' & >?'>.?*& ?)*(')& +& ?)*(5'-+& 9:;<"
 !"#$% &'()* +,-#./% 01 2!$2#!31 !43.$41 01 5678 9  143.* :.3!$%01 0. ;<.=%, >4,3$#/.43,?
&@(7A
'
 !"#$!%& '(%)*"+,& -./0 1 M)*(5'-+& +( N.)>?&)-4()*& ?+O)*?>& -& +& 9:;<" %&4&
,( 7&+( >&)ﬁ'4-' )- J?5.'- !"#PC -, Q)?>-, -2*('-/R(, ,0& &, L-2&'(, +( -25.), >&4S
7&)()*(,C +( N&'4- - N&')(>(' )- ,-B+- .4- '(2-/0& +( #F 4GH
◦
J" T4- L-)*-5(4
+& 9:;U N->( -& 9:;< = - 7&,,?E?2?+-+( +( 4(+?' L-2&'(, +( *(47('-*.'-, -E-?@&
+( F
◦
% +( N&'4- +?'(*-" V-'- & 7-'- & 9:;< F
◦
% >&''(,7&)+( - F 4G ( 7-'-
& 9:;U *(4&, A.( F
◦
J >&''(,7&)+( - F 4G ( ,( - '(2-/0& ()*'( -, (,>-2-, +(
*(47('-*.'- = +-+- 7(2- (A.-/0&W
C =
F − 32
1,8
 !"!$
C → 6(47('-*.'- (4 5'-., %(2>?.,
F → 6(47('-*.'- (4 5'-., J-X'()X(?*
&7
◦pH ≡ −log10
(
[H3O
+]
/L
)
H2O
 H
+ +OH−
2H2O
 H3O
+ +OH−  !"#$
% &'()*+(*, -, .,+/0' 1 -+-+ 2,3+ ),456(*, ,75+/0'8
K=
[H3O
+][OH−]
[H2O][H2O]
 !"9$
% &'(&,(*.+/0' -, :45+ 2'-, ),. &'()6-,.+-+ &'()*+(*,8 ),(-' -,ﬁ(6-+ -+ ),456(*,
<+(,6.+8
K
 
= [H3O
+][OH−]  !"=$
>'()6-,.+(-' 75, + *,<2,.+*5.+ +<?6,(*, 1 -, !@A B,3C6(  +2.'D6<+-+<,(*, !#
◦
&,3&65)$8 ' C+3'. -, K
 
1 &'()*+(*,8
K
 
= 1,00× 10−14 <'32/L2  !"A$
E ),()'. -, 2F -,*,.<6(+ + &'(&,(*.+/0' -, 6G,) -, H6-.'41(6'8 <,-6(-' ' 2'I
*,(&6+3 ,31*.6&' -, 5<+ -,*,.<6(+-+ .,+/0' 75J<6&+8 -,)-, 75, ' 2'*,(&6+3 ,31*.6&'
),K+ -,2,(-,(*, -+ &'(&,(*.+/0' -, 6G,)" L'.<+3<,(*, 5*636M+I), + ),456(*, -6)I
)'&6+/0' -, 6G,) -, )63J&6' , :45+8
SiO2 + 4H3O
+

 Si4+ + 6H2O  !"@$
L+ N645.+ !"O@ 2'-,<') '?),.C+. ' -6+4.+<+ ,)75,<:*6&' -, 5< ),()'. -, 2F
(5<+ )'35/0' +75')+" P3, <,-, + -6Q,.,(/+ -, 2'*,(&6+3 -+ .,+/0' 75J<6&+ 75,
'&'.., -') -'6) 3+-') -+ <,<?.+(+ -, C6-.'" L5< -') 3+-')8 ' 2F 1 &'()*+(*, , -,
C+3'. (,5*.'  2F R =$8 -' '5*.' 3+-' ,)*: ,D2')*' + )'35/0' +75')+" S-,+3<,(*,
+ <,<?.+(+ 1 5< 6)'3+(*,8 (0' 2,.<6*6(-' + &'(-5/0' ,31*.6&+8 (' ,(*+(*' (+
.,+36-+-, '&'.., -, Q'.<+ -6Q,.,(*," T+.+ 75, ' ),()'. Q5(&6'(,8 2,75,(+) &'..,(I
*,) 2+))+< )'? + Q'.<+ -, 2.'*G,) +*.+C1) -+ <,<?.+(+" E C'3*J<,*.' <,-, '
2'*,(&6+3 ,31*.6&' '.646(+-' 2,3+ -6Q,.,(/+ -, 2'*,(&6+3 75J<6&' 75, '&'.., ,(*.,
') -'6) 3+-') -+ <,<?.+(+"
 !"#$% &'()* +,-#./% 0. 1#23!42%/.254 0. #/ ,.2,4$ 0. 67 8  425.* 9.5!$%04 0. :;5%<<!2"%=
&>(&?
'
&@
 !"#$%&'() *+,-'&" µa . $*+(&'"%(/" /( 0$1+'%#$ 2"3-(4
µa = µA,0 +RT ln
(
[A]
mol/L
)
56789:
R→ ;"%0#(%#$ -")(3
T → <$-!$3(#+3( (=0")+#(
 !"#$%&'() $).#3'&" 3$)(&'"%(>0$ &"- " !"#$%&'() *+,-'&" /( 0$1+'%#$ -(%$'3(4
V = ∆V1 −∆V2 = 56788:
V = ∆V1 −∆V2 =
RT
qNA
(
ln
(
[H3O
+]
-")?@
)
− ln
(
10−7
))
=
RT
qN
 
ln(10)× (pH− 7)
56786:
;"- =(0$ %(0 $*+(AB$0 (%#$3'"3$0 !"/$-"0 /$#$3-'%(3 ( 0$%0'=')'/(/$ /" 0$%0"37
C(3( +-( #$-!$3(#+3( &"%0#(%#$ /$ 6DE F #$-"04
S ≡
/V
/pH
=
RT
qN
 
ln(10) = 59,13 -G?!H 5678I:
 !"#$% &! '() * !"#$%"&' ()#*+%"&' ,&%)'%"$- + , <(-=.- &"%J$&'/" &"-" K!">
#$%&'() 3$/"LK"+ "L'/(AM">3$/+AM" . ( $0!"%#(%$'/(/$ /$ +-( $0!.&'$ *+,-'&( (/>
*+'3'3 $)$#3B$0 $ (00'- 0$3 3$/+N'/"7 C(3( *+$ +-( 3$(AM" 3$/"L (&"%#$A(4 /$O$
J(O$3 +-( $0!.&'$ *+$ &$/( $)$#3B$0 53$/+#"3: $ +-( *+$ (&$'#$ $)$#3B$0 5"L'/(%#$:7
;(/( $0!.&'$ *+,-'&( !"00+' +- !"#$%&'() 3$/"L !3P!3'" $ *+(%#" -('"3 2"3 $0#$
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V1?V1;): . !3"#$1'/" !"3 +-( -$-=3(%( /$ O'/3"4 " "+#3" )(/" $0#Q $L!"0#"
W 0")+AM" (*+"0(7  0$%0"3 -$/$ " !"#$%&'() /$ 3$/+AM" $%#3$ " $).#3"/" /$ 3$2$>
3R%&'( $ ( 0")+AM" (*+"0(7
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/$ "L'1.%'" !"/$ $2$#+(3 ( -$/'AM" /" "L'1.%'" /+-( 0")+AM" $2$#+(>0$ !"3 '%#$3>
-./'" /$ OQ3'" #'!"0 /$ $).#3"/"07  $).#3"/" /$ ;)(3Y . " -('0 +#')'N(/" !(3( $0#$
!3"&$00" $ " 0$+ 2+%&'"%(-$%#" !"/$ 0$3 O$3'ﬁ&(/" /$ 0$1+'/(Z
;"-" /$-"%0#3(/" %( ['1+3( 6769 " 0$%0"3 . &"-!"0#" !"3 +- $).#3"/" /$ C#
5&Q#"/": $ +- $).#3"/" /$ 3$2$3R%&'( V1 5\%"/":4 (-="0 '-$30"0 %+-( 0")+AM"
/$ &)"3$#" /$ !"#Q00'"7 U-( -$-=3(%( /$  !"#$%$&'ﬂ)!&!%$*#"%+% 5C<[] "+ ^<$>
ﬂ"%`: "+ ,")!&-+'$%. %$*#"%+% /&!/#"%+% 5[]C:4 $0#( -$-=3(%( '0")( $)$#3'&(-$%#$
( 0")+AM" /$'L(%/" !(00(3 " "L'1.%'"7 a+(%/" " "L'1.%'" !(00( ( -$-=3(%(4 (&"%>
#$&$- (0 0$1+'%#$0 3$(AB$0Z
b" &Q#"/" /$ C#Z
O2(g) + 4H
+(aq) + 4e− → 2H2O 5678c:
 !
Ag(s) + Cl−(aq)→ AgCl(s) + e−
2
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1 !&#)7( 8(%#&="1 & ( #*+&, 1& %6*1( &#=(#!% 1(D &)!N  ="' 1(  =&"!N+&, > % 6!","? C7(
#&)!& !% J ,W(; X6 #1( 6!","? 1 (6!% !&#)7( 1")>(#*+&, #( 2%16"#(D &)! K 8(%#&="1 
>(% 6' %&$6, 1(% 1& !&#)7(D (8&%&=&#1( + ,(%&) '6"!( ' ") >%&=")() & &)!N+&") 56& #(
= )( 1( 9 :;
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+8,9 -+ #. .#4,:.+,$1'
&&
 !"#$% &%'"!()*+ ,!-% .'*/)"%
 ! " #!# " $ "
%&'()*+,&-  1,098 "± 0,001 3,23 "± 0,01 4,96 "± 0,03
%&'()*+,&- . 1,099 "± 0,001 3,23 "± 0,01 4,89 "± 0,02
%&'()*+,&- # 1,099 "± 0,001 3,23 "± 0,01 4,98 "± 0,02
%&'()*+,&- / 1,098 "± 0,001 3,23 "± 0,01 4,81 "± 0,03
%&'()*+,&- $ 1,098 "± 0,001 3,23 "± 0,01 4,84 "± 0,02
%&'()*+,&- 0 1,098 "± 0,001 3,23 "± 0,01 4,94 "± 0,02
%&'()*+,&- 1 1,098 "± 0,001 3,23 "± 0,01 4,82 "± 0,02
%&'()*+,&- 2 1,098 "± 0,001 3,23 "± 0,01 4,91 "± 0,02
%&'()*+,&- 3 1,098 "± 0,001 3,23 "± 0,01 4,88 "± 0,02
%&'()*+,&-  4 1,098 "± 0,001 3,23 "± 0,01 4,79 "± 0,02
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=+2ﬁ3#5 , "#55>7'8 3#$38!4+ &!' ( !)484B(PF# %'  !"#$%&'()*+ %!+($)' ( %')'+*4$(PF# %(
)'*"'+()!+( 3#* !* 5'$5#+ QRL.6 (!*'$)( 54=$4ﬁ3()47(*'$)' ( +'5#8!PF# %# @D/0
#/
0 50 100 150 200 250 300 350 400 450
23.5
24
24.5
25
25.5
26
26.5
27
27.5
28
Sensor LM35 − Valor Ref. 5 V
Resolução Digital 0.5 °C
Amostras
T
e
m
p
e
ra
tu
ra
 !" #!$%&'( (') *+,$,-!./% 0'  !ﬀ#$
0 50 100 150 200 250 300 350 400 450
30
30.5
31
31.5
32
32.5
33
33.5
34
34.5
35
Sensor LM35 − Valor Ref. 5 V − Média Amostras
Resolução Digital 0.01 °C
Amostras
T
e
m
p
e
ra
tu
ra
 1" #!$%&'( 2%) *+,$,-!./% 0'  !ﬀ#$
3,4*&! 5657 8&9ﬁ2% 0%( ;!$%&'( 0! +')<'&!+*&! 0% =>5?
 ! "#$%& & '!(!$%)*&$ +,&- & .#*($)/,)01# '# $,2'# 3&$& & %!-4#$)& '& $!5#-,01#
'# 6 78 "#) '!5!*9#-9)'# ,%& ",*01# !% :&(-&/ .&3&; '! 5)%,-&$ ,% 6 7< = .>')?#
5)%,-& & $!.!01# '! ,%& (!*51# '! @AB %C  78 &').)#*& $,2'#8 $!.#-4! '!; %)- &%#5($&58
.&-.,-& & 5,& %D')& ! +,&*()ﬁ.& 3&$& ,% '#5 *29!)5 '# 6 7< = $,2'# ,()-);&'# D '#
()3# ?&,55)&*#8 .#% %D')& *,-& ! 9&-#$!5 '! 9&$)F*.)& !*($! B ! B8G C
2
< H&$& .&'&
9&$)F*.)&8 #5 .I-.,-#5 !$&% !"!(,&'#5 ! #5 9&-#$!5 ')53#5(#5 !% ,% ?$Iﬁ.#8 3#'!*'# 5!$
9)5,&-);&'#5 *& J)?,$& K<L<
7#*"#$%! 3#'!%#5 #/5!$9&$ *& J)?,$& K<L8 +,&*'# !5(&%#5 !*($! @ *29!)5 '! +,&*()ﬁM
.&01# '# 6 78 '! &.#$'# .#% +,! # $,2'# 9&) &,%!*(&*'# # !$$# ')?)(&- 9&) ')%)*,)*'#8
)55# &.#*(!.! ?$&',&-%!*(! &(D & 9&$)F*.)& &()*?)$ # 9&-#$ '! B8BG C
2
8 & 3&$()$ '!5(! 9&-#$
5?
25.4 25.5 25.6 25.7 25.8 25.9
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
x 10
3
Erro De Quantificação  Número de Amostras  10000
 Tensão de Referência 5V
E
rr
o
Nível Quantificação
0
0.0001
0.0005
0.001
0.01
0.05
0.1
 !"#$% &'() *!+#,%-./ 01 #+ 2345 6/ 7#%, %/ 8!6%, 01 169$%0% : %0!;!/6%0/ $#<0/ "%#88!%6/
01 +:0!% 6#,% 1 =%$!>6;!% ;/+ =%,/$18 169$1 ? 1 ?'@ A
2
 !"" #$%$&'( ) *!+' ',*!-&'". /0&! ) *1 "&'*!-& 23 !"' 1"!4$0& 5 1 $0 ,*' 4!6 7,!
&!* 0 ,* 0$-'( #! 859: ; ! !0&'* 0 ' '#$)$ -'" ,* ",<# ) * #!04$ =1'#"> $%,'(  ,
0,1!"$ " ' 85? ;5  ",<# 1'00' ' 0!" *'$0 0$%-$ﬁ)'&$4 7,!  0$-'( #! !-&"'#'.
A1!0'" #! ' B$%,"' C.C DEF ) *1" 4'" 7,!   !"#$%&'()*+ G )'1'6 #! *!(H "'" '
"!0 (,+> # AIJ ! ' B$%,"' C.K 1 00$E$($&'" #!&!"*$-'"* 0 7,'( ' ) -&"$E,$+> # 
",<# 1'"' ' *!(H "$' #' "!0 (,+> . L> G 1 00<4!( %'"'-&$" 7,!  0 4'( "!0  E&$# 0 1!( 
0!-0 " MNC: 7,'-# ,&$($6'#  !"#$%&'()*+5 !"'* "!'(*!-&!  0 4'( "!0 !01!"'# 05 ,*'
4!6 7,! -> O $ ) *1'"'# ) * -!-H,* 4'( " 1'#"> .
J *  $-&,$& #! 1!")!E!" ) * #!4!"$' 0!" ' #$0&"$E,$+> # 0$-'( #! ,* 0!-0 "
) * ",<# 5 O $ !O!&,'#' ,*' 0$*,('+> #! N -&! J'"( . A1P0 4!"$ﬁ)'" ) * #!4!"$'
0!" ' #$0&"$E,$+> #! ,* 0$-'(5 ),2' ' &!*1!"'&,"' *G#$' O 00! #! 9Q5Q
◦
J5 0!-&$,=0! '
-!)!00$#'#! #! ) *1'"'"  0 "!0,(&'# 0 #' 0$*,('+> 5 ) * "!0,(&'# 0 1"3&$) 0 ,&$($6'-# 
 0!-0 " MNC:.
R'"' &'( ) *1'"'+>  MNC: O $ 0,E*!&$# ' ,*' E'-H &!"* 0&3&$) 5 ) * 1 #!
0!"  E0!"4'# -' B$%,"' C.:. /0&! E'-H 1!"*$&$, ,*' &!*1!"'&,"' !0&34!( #! 9Q5Q
◦
J5
!0&' &!*1!"'&,"' O $  E&$#' 1 " ,* &!"*P*!&" #! *!")S"$ 5 #!4$#'*!-&! )'($E"'# .
B $ )"$'# ,* )P#$% 1'"'  A"#,$- 5 )'1'6 %,'"#'"  0 4'( "!0  E&$# 0 1!( 0!-0 "
MNC:5 1'"' 1 0&!"$ " '-3($0!. J * E'0! - 0 #'# 0 O $ %!"'# ,* H$0& %"'*'5 )'(),('#'
' *G#$' !  #!04$ 1'#"> . T0 "!01!&$4 0 "!0,(&'# 0 1 #!* 0!"  E0!"4'# 0 -' B$%,"'
C.U.
T,&" !-0'$ !O!&,'# 5 O $ 0,E*!&!" & # 0  0 0!-0 "!0 ' ,* *!0* E'-H &!"* 0=
&3&$) 5 #,"'-&! ,* *!0* 1!"< # #! &!*1 5 ) *   E2!&$4 #! ) *1'"'"  0 4'( "!0
#! (!$&,"' !-&"!  0 &"V0 0!-0 "!0 0$*,(&'-!'*!-&! ) * ,* 1'#"> . T0 "!0,(&'# 0 #!0&!
!W1!"$*!-& 1 #! 0!"  E0!"4'# -' X'E!(' C.C.
J * E'0! -'0 !W1!"$V-)$'0 ')$*' #!0)"$&'05 ) -0!%,$* 0 ) -)(,$" 7,!  0 0!-0 "!0
'1"!0!-&'4'* ",<# 5 7,! ' ,&$($6'+> #!  !"#$%&'()*+ *!(H " , 0$%-$ﬁ)'&$4'*!-&! '
"!0 (,+> # AIJ ! 7,!  )3(),( #' *G#$' #'0 '* 0&"'0 !0&3 *,$& 1"PW$* # 4'( "
&B
◦ ◦
◦ ◦
◦ ◦
◦ ◦
◦
◦
◦
28.77 28.78 28.79 28.8 28.81 28.82 28.83
0
2
4
6
8
10
12
14
Histograma  Teórico
Média 28.8  Variância 0.01
 !" #$%&'()!*! &+,)$-'. -'* */0$! 0+ 1232
◦
4
+ 0+%5$'67!0)8' 9.:
◦
4
2
26 26.5 27 27.5 28 28.5 29
0
5
10
15
20
25
30
35
40
Histograma  Valor Referência 5 V
Média 27.2812  Variância 0.7
 !" #$%&'()*+*, %-.%') /012, &-.%3' 4- )-5-6
)7.8$* 2 9: 0;4$* <=,<>?
◦
@ - 9*)$A.8$* B,C2C
◦
@
2
27 27.5 28 28.5 29 29.5 30
0
5
10
15
Histograma  Valor Referência 1.1 V
Média   Variância 0.728.3402
 8" #$%&'()*+*, %-.%') /012, &-.%3' 4- )-5-6
)7.8$* D,D 9: 0;4$* <>,1EB
◦
@ - 9*)$A.8$* B,C=B
◦
@
2
F$(G)* 1:CH #$%&'()*+*% * I*)&$) 4*% *+'%&)*% 4- &-+I-)*&G)* )-8'JK$4*% 8'+ G+ %-.%') /012
I*)* 4$5-)-.&-% &-.%L-% 4- )-5-)7.8$* 4' MN@:
1>
 !"! #$%&'( )#"*+,-
 !"# !#$!%& ' (% ")*% ()+)",-. /%0*%!"% *%& 10 /)&/1)"% )$"#+&,(% /,*,2 (# "&,(12)& 10,
"#0*#&,"1&, *,&, 10 3,-%& /%0 45  !"# (# &#!%-167%8 91$/)%$,$(% !%:&# % *&%"%/%-%
$%&!'(. ' *%!!;3#- /%$#/",& 3<&)%! !#$!%&#! $10, =$)/, *%&", ()+)",- (% >&(1)$%8 >
-)+,67% ,% >&(1)$% $#/#!!)", (# 10 &#!)!"%& )*++%*). *,&, (# #3)",& %!/)-,6?#! # +,&,$")&
,*#$,! %! 5 3,-%&#! (# "#$!7% @ A # B A. *,&, %! #!",(%! -C+)/%!8
D *&%"%/%-% $%&!'(. 1")-)2, % *&)$/;*)% 0#!"&#E#!/&,3% $,! !1,! /%01$)/,6?#!8 D
0#!"&#. $#!"# /,!% % 0)/&%/%$"&%-,(%&. )$)/), # /%$"&%-, , /%01$)/,67%. !%-)/)",$(% )$E
F%&0,67% ,%! ()!*%!)")3%! #!/&,3%!. G1# ,G1) !#&7% %! !#$!%&#! HI4JK5@. /,(, ()!*%!)")3%
#!/&,3% "#0 10 #$(#&#6% =$)/% (# LM  !"#. #!"# #$(#&#6% *#&0)"# ,% 0#!"&#. !%-)/)",&
, )$F%&0,67% , 10 #!/&,3% #!*#/;ﬁ/%. ,*#!,& (# "%(%! #!",&#0 -)+,(%! 10 =$)/% ﬁ%8
D *&%"%/%-% 1")-)2, 10, ,'-.( #!*#/;ﬁ/, *,&, /%01$)/,67% 1")-)2,$(%. #$"&#",$"% %
>&(1)$% "#0 10, :):-)%"#/, *&C*&), *,&, , /%01$)/,67% (# ()!*%!)")3%! $%&!'(8
D! *)$%! (% HI4JK5@. ,!!)0 /%0% % 0'"%(% (# -)+,67% ,% >&(1)$% *%(# !#& 3)!1,E
-)2,(%! $, 9)+1&, O8P8
>*#!,& (# 10 /1!"% 0)$)0,0#$"# 0,)! #-#3,(% G1# %! ,$"#&)%&#!. #!"# /%0*%$#$"#
!1*#&, %! (#0,)! ,*&#!#$",(%! $%! !#+1)$"#! ,!*#"%!Q
 R#0 10 >HS )$"#+&,(% $% *&C*&)% ()!*%!)")3%8  !", /,&,/"#&;!")/, ' (# +&,$(#
)0*%&"T$/), #0 ,*-)/,6?#! %$(# % !#$!%& $7% *%(# #!",& ,/%*-,(% U *-,/, (%
/)&/1)"%. (#*#$(#$(% (# 10 ﬁ% (# /%0*&)0#$"% !)+$)ﬁ/,")3% *,&, /%$#V7% /%0
% /)&/1)"%8  !"# ")*% (# 1")-)2,67% )$"&%(12 &1;(% # *#&(, $, G1,-)(,(# (% !)$,-
,$,-C+)/%. /%0*&%0#"#$(% , !1, 1")-)2,67%8 W% /,!% (% HI4JK5@ /%0% , /%$3#&!7%
>HS ,/%$"#/# (#$"&% (% *&C*&)% /)&/1)"% )$"#+&,(%. % !)$,- "&,$!0)")(% !#&< *%1/%
,F#",(% *#-% &1;(% (, -)$X,8
 R#0 10, :%, &#!%-167% (% >HS )$"#&$%8 Y")-)2,$(% % !#1 *&C*&)% >HS &#!%-167%
(# G1# "#0 45  !"# % !#$!%& $7% *&#/)!, (% /%$3#&!%& (% >&(1)$% (# ,*#$,! 4@  !"#
(# &#!%-167%. /%$!#+1)$(% 10, :%, *&#/)!7% !#0 $#/#!!)",& (# $#$X10 ,-+%&)"0%
*,&, ",-8
 S%$"'. 10 #$/,*!1-,0#$"% U *&%3, (# <+1,8  $"&# %! "&Z! !#$!%&#! 0#$/)%$,(%!
,/)0,. #!"# F%) % =$)/% #$/%$"&,(% /%0 *&%"#67% *,&, !#& 1")-)2,(% !1:0#&!% #0
<+1,8
K,!#,(% $%! "#!"#! # G1,-)(,(#! ,/)0, (#!/&)",!. #!"# F%) % !#$!%& G1# 0#-X%& !#
,(,*"%1 , "%(,! ,! /%$()6?#! $#/#!!<&),! *,&, #!"# *&%[#"%. !#$(% ,!!)0 % !#$!%& (#
"#0*#&,"1&, #!/%-X)(%8
 !"#$% &'() *+,-"$%./ 01234567 -+8%9:#;%<-+,/ - 9!+/: .- 8/+-=>/
'
&?
µv =
2d
t
⇒ d =
vt
2
⇒ d =
(340 )× t
2
⇒ d = (170 )× t


 !"#$%&' (
 !"#$%&' (! )*!#+#,)!
 !"#! $%&'#()* + ,!-*."#/%,% % %/0(1#!#(/% ,% 23345 -*.#%,% .* )%6*/%#7/1* ,% !-8
&/!"% 9%:1%/ ;*/#(<%) &%/% -*.1#*/1=%>?* ,*" #%.0(!"@ 3!<(1,%-!.#! + ,!-*."#/%,*
* !"0(!-% ,! )1<%>?* ,*" "!."*/!" ! #*,% % 1.A*/-%>?* .!$!""B/1% &%/% -*.#%<!- ,*
&/*#7#1&*@
 !" #$%$&$'() *) +,,- . )/01(2.21/) *$ 3(32.4)
C %.B)1"! ,* %-61!.#! 0(! ,!"!D%-*" -*.1#*/1=%/ + ,! </%.,! 1-&*/#E.$1% &%/% % ,!8
$1"?* ,* #1&* ,! $*.ﬁ<(/%>?* % (#1)1=%/ ! /!"&!#1:% )*$%)1=%>?* ,*" !0(1&%-!.#*"@ G-%
:!= 0(! * )%6*/%#7/1* ,% 9%:1%/ ;*/#(<%) !"#B !- $*."#%.#! -*,1ﬁ$%>?* ! *" #%.0(!"
"?* -(,%,*" $*- %)<(-% A/!0(H.$1%5 I*(:! % .!$!""1,%,! ,! 0(! * &/*#7#1&* A*""! ﬂ!8
K':!)5 &*,!.,* A(.$1*.%/ !- 0(%)0(!/ )*$%) ,* )%6*/%#7/1* "!- % .!$!""1,%,! ,! "!/
/!$*.ﬁ<(/%,*@ 9*- * *6D!#1:* ,! -%K1-1=%/ % B/!% ,! $*6!/#(/% ,% 2334 ! .?* &!/,!/
0(%)1,%,! .* "1.%)5 #*,*" *" .7" ,% 2334 "?* ,* #1&*  !"#$ %&$'&! @ L"#! #1&* ,! .7
A(.$1*.% $*-*  !"#$ 5 &*,!.,* /!!.$%-1.I%/ ,%,*" ,! *(#/*" .7" %* -!"-* #!-&* 0(!
+ $%&%= ,! /!$!6!/ 1.A*/-%>M!" ,*" "!."*/!" ! !.:1%/ &%/% * $**/,!.%,*/ ,% /!,!@
N !"&%>* ,% 9%:1%/ ;*/#(<%) $*.#%:% $*- O #%.0(!"5 ,1"&*"#*" $*.A*/-! .*" -*"#/%
% 41<(/% O@P Q%R@ 9%,% #%.0(! /!$!6! (- -7,()*  !"#$ %&$'&! 0(! + $*-&*"#* &*/S
C/,(1.*5 T6!! 3I1!),5 T6!! /B,1* ! "!."*/!"@ U%,* * A%$#* 0(! #*,*" *" -7,()*" "?* ,*
#1&* /*(#!/V"!."*/5 -!"-* 0(! A(#(/%-!.#! %)<(- ,*" #%.0(!" "!D% ,!"%#1:%,* *( .*:*"
"!D%- 1."#%)%,*"5 % 2334 %,%&#%/8"!8B "!- % .!$!""1,%,! ,! .*:%" $*.ﬁ<(/%>M!"@ N"
 !"#$ & %$!1#%- %(#*-%#1$%-!.#! * .*:* !0(1&%-!.#* .% /!,!5 %#(%)1=%- %" /!"&!#1:%"
#%6!)%" ,! /*#%" ! $*-!>%- % !.:1%/ ,%,*" &!)% 2334@ W*,*" *" ,%,*" /!$!61,*" &!)*"
 !"#$ &%&$'&! $& "?* !.$%-1.I%,*" &%/% * $**/,!.%,*/ ,% /!,! 0(! !"#B )1<%,* % (-
"!/:1,*/ )*$%)5 "1#(%,* .% X"%)% "!/:1,*/Y5 $*-* "! &*,! :!/1ﬁ$%/ .% 41<(/% O@P Q%R@
N" ,%,*" /!$!61,*" &!)* $**/,!.%,*/ X ()#$*)+ Y ,* "1"#!-%5 "?* #/%#%,*" ! %/-%=!8
.%,*" .% 6%"! ,! ,%,*" &*/ (-% %&)1$%>?* !- ;Z#I*.@ L"#% %&)1$%>?* #!- $*-* A(.>?*
:!/1ﬁ$%/ % 1.#!</1,%,! ,*" ,%,*"5 %)!/#%.,* * (#1)1=%,*/ ,* "1"#!-%" %#/%:+" ,! -!."%8
<!." ,! #!K#* Q3[3R * (#1)1=%,*/5 $%"* %)<(- &%/E-!#/* .?* !"#!D% ,!.#/* ,*" :%)*/!"
&/!,!ﬁ.1,*"@ N !.:1* ,* %)!/#% 3[3 + !A!#1:%,* &!)* ,!-$, \3[ Q./!0)/ 1+&#$, 2! 
3!04/$ 5!,,"'46)#4!'& R $*.!$#%,* %* "!/:1,*/ )*$%) &*/ (-% )1<%>?* &$ 4)/ 23]^]@ C
41<(/% Q6R ,!-*."#/% #*,% % !"#/(#(/% ,* "1"#!-% ,! -*.1#*/1=%>?*5 "!.,* 0(! %)<(."
!)!-!.#*" "!/?* !K&)1$%,%" .*" $%&'#()*" "!<(1.#!"5 $*-* &*/ !K!-&)* % (#1)1=%>?* ,*
X"!/:1,*/ _!6X@
 !
Ω


V = pir2(h− d)
h→
d→
r →

 !"#$%&' (
 !"#$%&'
 !"! # $%&'(#&!)*&+# ,# -"#+.+(-# * /*0+1# ,#0 ,!,#0 ! )#&(+#"(2!"3 $#( &*'*004"(#
(&0+!5!" !5/%&0 !-5('!+(6#0 74 *8(0+*&+*03 !59) ,* ,*0*&6#56*" "#+(&!0 ,* +"!:!5;# -!"!
# <",%(&# * %) -"#/"!)! -!"! /*0+1# ,#0 ,!,#0 &# 0*"6(,#"= >*0+* '!-?+%5# $!5!"*)#0
0#:"* ! *0'#5;! ,#  !"#$%&' %+(5(2!,# * 0%!0 '!"!'+*"?0+('!0= @#,# # 0#$+A!"* %+(5(2!,#
&*0+* -"#7*+# 9 "&''$%&'
 
3 *0+* $#( # -"(&'(-!5 $!+#" ,* ,*'(01# &! *0'#5;! ,#0 )*0)#0=
B(+# ! 0*/%(" #0 0#$+A!"*0 *0'#5;(,#0C
 !" #$%&'() *+',)&$-.
D 0(0+*)! #-*"!+(6# %+(5(2!,# &# 0*"6(,#" $#( ! ,(0+"(:%(E1# F%:%&+% GH=GI3 :!0*!,!
&# J:%&+% GH=GI ! 0%! -"(&'(-!5 ,($*"*&E! 9 ! %+(5(2!E1# ,# !):(*&+* /"4ﬁ'# F$'*3 L%*
&*'*00(+! ,* )%(+# )*&#0 "*'%"0#0 ,* 0(0+*)! L%* ! "*0-*+(6! 6*"01# J:%&+%=
M#( &*'*004"(! ! (&0+!5!E1# ,# !-5('!+(6# N(&*3 '!-!2 ,* *8*'%+!" !-5('!EO*0 ,*P
0*&6#56(,!0 -!"! !):(*&+*0 N(&,#A03 &#)*!,!)*&+* # FPB@J Q0#$+A!"* L%* -*")(+*
'#&ﬁ/%"!" #0 F:**R0S * # <):(*&+* ,* ,*0*&6#56()*&+# TUV <",%(&#3 '%7! ! 0%! -"(&P
'(-!5 $%&E1# 9 # ,*0*&6#56()*&+# ,* '.,(/#0 ,* +"!:!5;# -!"! ! -5!'! <",%(&#=
 !/ 0)%' 1' 2)1.%
U*6(,# ! /"!&,* L%!&+(,!,* ,* (&$#")!E1# ! 0*" !")!2*&!,!3 ;#%6* ! &*'*00(,!,*
,* %+(5(2!" %)! :!0* ,* ,!,#0=  !"! *0+! $%&E1# $#( *0'#5;(,# # 0(0+*)! ,* /*0+1#
 #0+/"*WXY= B#)# ZY*)*03 HII[\ '(+! *) 0*% 5(6"#3  #0+/"*WXY 9 %)! :!0* ,* ,!,#0
'#)-5*+! -!"! # ,*0*&6#56()*&+# *) L%* -*"$#")!&'*3 -#"+!:(5(,!,*3 '%0+# * *ﬁ'(]&P
'(! ,*6*) !&,!" 7%&+#0= W*&,# %) ,#0 0(0+*)!0 ,* :!0* ,* ,!,#0 !(')  !*&+'3 )!(0
"#:%0+# * *ﬁ'(*&+* ,# )*"'!,#3 '#) )*'!&(0)# ,* '#&+"#5# ,* '#&'#""]&'(! ,* %+(5(P
2!,#"*03 0%-#"+* ! "*-5('!E1# !00?&'"#&! ,#0 ,!,#03 +#5*"^&'(! ! $!5;!03 *&+"* (&ﬁ&(+!0
#%+"!0 '!"!'+*"?0+('! )*&#0 "*5*6!&+*0 &*0+* -"#7*+#= D  #0+/"*WXY 9 !(&,! '!-!2 ,*
!")!2*&!" _H #'&%,-#' ,* (&$#")!E1# *) %)! `&('! +!:*5!3 G ./.%,-#' -#" '!)-# ,!
+!:*5! * %) &`)*"# (5()(+!,# ,* 5(&;!0 -#" +!:*5!=
a!0*!,# &!0 L%!5(,!,*0 !'()! ,*0'"(+!03 # 0(0+*)! ,* /*0+1# -!"! ! :!0* ,* ,!,#0
*0'#5;(,# $#( #  #0+/"*WXY=
 
 !"#$%&'() *&*& & +,&-+,!. /.)$.&0& *! 1)0/,2&*).3 1,4& & ",& ,2#-#5&'() %() %!1!""#2& *! /&$&0!%2)"
*! -#1!%'&"
 !
 !"! #$%$"&'(!" ! $)%"*%*"! #! +!)$ #$ #!#,)- .,' $/!+,"!#, *& &,#$/, #$ #!#,)
0,(0$1%*!/ 234 52(%'#!#$34$/!0',(!&$(%,67 2)%$ &,#$/, #$)0"$8$ ,) #!#,) 0,&, $(9
%'#!#$)- !%"'+*%,) $ "$/!0',(!&$(%,)7 :$)';(!(#, $(%'#!#$ 0,&, *& ,+<$%, ,* 0,(0$'%,
#, &*(#, "$!/- $& =*$ )*!) 0!"!0%$">)%'0!) )?, 0@!&!#!) #$ !%"'+*%,) $ ! '(%$"!A?,
$(%"$ #*!) $(%'#!#$) "$/!0',(!&$(%,7
:$ .,"&! ! #$&,()%"!" , &,#$/, 234 #! +!)$ #$ #!#,) #$)$(8,/8'#! 1!"! $)%$
1",<$%,- (! B';*"! C7D 1,#$&,) ,+)$"8!" , :'!;"!&! #, &,#$/, 2347 E $)%$ &,#$/,
.,"!& !1/'0!#!) !) "$;"!) #$ (,"&!/'F!A?, #$ +!)$ #$ #!#,)- 0,& , ,+<$%'8, #$ "$#*F'"
! "$#*(#G(0'! #,) #!#,) &!(%$(#, !))'& ! 0,()')%H(0'! #! +!)$ #$ #!#,)7 I,& +!)$
(, &,#$/, 234 0"',*9)$ ! +!)$ #$ #!#,) (,  ,)%;"$JKL7
 !" #$%&'(%)*+ ,+ -.,'/+ 0%1% + 21,3'4+
 !"! , .*(0',(!&$(%, #, E"#*'(, .,' #$)$(8,/8'#, *& 0M#';,- #!(#,9/@$ ! 0!1!0'#!#$
#$ 0,/$%!" ! '(.,"&!A?, #,) )$(),"$)- %"!%!" ,) #!#,)- 8$"'ﬁ0!" )$ !/;*& 1!"G&$%", $)%O
.,"! #! ;!&! #$ .*(0',(!&$(%, (,"&!/ $ #')1,('+'/'F!" ,) #!#,) 1!"! =*$ , "O#', P+$$
$(8'$ 1!"! , 0,,"#$(!#,"7
E%"!8Q) #, #'!;"!&! #$ ﬂ*S, 1"$)$(%$ (! B';*"! C7T- 1,#$&,) %$" *&! &$/@,"
1$"0$1A?, #, .*(0',(!&$(%, #, 0M#';, '&1/$&$(%!#,7
J$;*'(#, , #'!;"!&! #$ ﬂ*S,- 1,#$&,) ,+)$"8!" =*$ /,;, !1M) ! '('0'!/'F!A?, ,
#')1,)'%'8, "$0$+$ *&! ,"#$& 1!"! ﬁ0!" '(!%'8, #*"!(%$ #,') )$;*(#,)7 2)%$ 1$">,#,
#$ '(!%'8'#!#$ %$& 0,&, ,+<$%'8,- #!" %$&1, 1!"! , "O#', P+$$ !))*&'" ! "$#$ P+$$-
$)%!(#, 1"$1!"!#, 1!"! , $(8', $ "$0$A?, #,) #!#,)- !(%$) #! )*! 0,&*('0!A?, '(%$"(!
0,& , E"#*'(,7
U,*8$ ! ($0$))'#!#$ #$ *& &$(* 1!"! 0,(ﬁ;*"!A?, #$ !/;*() 1!"G&$%",) #, %!(=*$-
!))'& 0,&, 0!/'+"!A?, #$ !/;*() )$(),"$)7 :!#, ! $)%$ .!0%,- ! 0!#! 0'0/, #$ .*(0',(!9
&$(%, , E"#*'(, 8$"'ﬁ0! )$ , )$* %$&1, #$ .*(0',(!&$(%, Q )*1$"'," ! 0'(0, )$;*(#,)7
2)%$ %$&1, %$& 0,&, ,+<$%'8, 0$"%'ﬁ0!" =*$ , E"#*'(, $(%"$ (, &$(* #$ 0,(ﬁ;*"!A?,
!1$(!) =*!(#, Q '('0'!/'F!#,7 V,#,) ,) #!#,) 0,(ﬁ;*"!#,) !%"!8Q) #, &$(*- )?, !"9
&!F$(!#,) (! 22 4WX- )$;*'#!&$(%$ ,) #!#,) #! 22 4WX )?, !)),0'!#,) ! )*!)
"$)1$%'8!) 8!"'O8$')- $8'%!(#, ! *%'/'F!A?, #$)($0$))O"'! #! 22 4WX7
J$;*'#!&$(%$ , E"#*'(, $(%"! $& *& 0'0/, '(ﬁ('%, 0!1!F #$ ),/'0'%!" '(.,"&!AY$)
!,) )$(),"$)- 8$"'ﬁ0! )$ , 8!/," "$0$+'#, $)%O #$(%", #,) 1!#"Y$) &OS'&,) $ &>('&,)
$)%'1*/!#,) (, &$(* #$ 0,(ﬁ;*"!A?,- .!F %,0!" *& !/!"&$ 0!), ($0$))O"', $ 1"$1!"!"
,) #!#,) 1!"! $(8', 1," "O#', !%"!8Q) #, P+$$7 Z #$ 0'%!" =*$ !  !"#$ #$ #!#,)
1!"! , $(8', #! '(.,"&!A?, !%"!8Q) #, "O#', P+$$- ($0$))'%! #! '(.,"&!A?, (, .,"&!%,
@$S!#$0'&!/7 :$)%! .,"&! , !""![ #$8$ 0,(%$" ,) #!#,) )$1!"!#,) 0!"O0%$" ! 0!"O0%$"-
1!"! 1,)%$"'," 0,(8$")?, #, )$* 0M#';, EJI\\ 5%#$!&'"( )*"(+"!+ ,-+$  -! .( -!#"*&-(
.(*$!'/"(0$6 1!"! @$S!#$0'&!/7 :$)%! .,"&! @,*8$ ! ($0$))'#!#$ #$ %"!().,"&!" ,)
#!#,) #,) )$(),"$) =*$ )?, #, %'1, ﬂ-"*- $& 0!#$'!) #$ 0!"!0%$"$)- !(%$) #$ $(8'!9/,)
1!"! ,) )$*) "$)1$%'8,) /*;!"$) (! ."!&$ #$ #!#,)7
 ," ﬁ&- ,) #!#,) )?, $(8'!#,) *%'/'F!(#, *&! ."!&$ E \ #, %'1, 2!"(3#&* 4$56$3*-
$)1$"!9)$ 1," *&! "$)1,)%! #, #$)%'(, $ 0,(),!(%$ ! "$)1,)%!- 1')0! , L2: #! 0,"
#$%$"&'(!#!7
 !
 !" #$%$&'()'*+$&,( -. /0)*1.23( 0.4. ( 5$4'*-(4
 !"#$ "!%&'( )$*$+!,(" "(-+! ( .+(/+$,$ 0!"!12(*230( .$+$ ( %((+0!1$0(+ 0$ +!0!4 !"#!
.+(/+$,$ #!, %(,( (-5!#32(4 .!/$+ !, #(0$ $ 31)(+,$&'( +!%!-30$ .!*( %((+0!1$0(+4
#+$#$+ (" 0$0(" ! $+,$6!1$+ $ 31)(+,$&'( 17,$ -$"! 0! 0$0("8
9 %((+0!1$0(+ )71%3(1$ %(,( 7,  !"#$!%4 #(0$ $ 31)(+,$&'( +!%!-30$ .!*( "!7 +:03(
;-!! < !1%$,31=$0$ .$+$ ( "!+230(+ %(1)(+,! %3#$0( $1#!+3(+,!1#! !, >8?8
@$+$ !"#! .+(/+$,$ 7#3*36(7A"! $ *31/7$/!, 0! .+(/+$,$&'( @B#=(14 !"#$ )(3 $ *31A
/7$/!, !"%(*=30$4 .(3" $*<, 0! "!+ &'##$!'#4 < 7,$ *31/7$/!, 0! $*#( 1C2!*4 (+3!1#$0$
$ (-5!#("4 %(, $#+3-73&'( 031D,3%$ 0! #3.(" 0! 0$0("4 0! ):%3* .!+%!.&'( ! %(, 2:+3$"
-3-*3(#!%$" 3,.*!,!1#$0$"4 31%*7"32! .$+$ 7#3*36$&'( %(, ( ;-!!8
E F3/7+$ G8H 0!,(1"#+$ ( )71%3(1$,!1#( 0$ $.*3%$&'( 0!"!12(*230$4 I7$10( $ $.*3A
%$&'( < 313%3$*36$0$ "'( !)!#7$0$" $*/7,$" %(1ﬁ/7+$&K!"4 %(,( .(+ !L!,.*( 2!*(%30$0!
0! )71%3(1$,!1#( 0$ %(,713%$&'( "!+3$* MNOHO8 E.P" #(0$" $" %(1ﬁ/7+$&K!"4 313%3$A"!
$ %(,713%$&'( !1#+! ( %(,.7#$0(+ ! ( E+0731(8 N!/730$,!1#! $ $.*3%$&'( !1#+$ !, 7,
%3%*( 31ﬁ13#(4 $#< I7! "7+5$ 7,$ 31#!++7.&'( .(+ .$+#! 0( 7#3*36$0(+8 Q"#! %3%*( 31ﬁ13#(4
#!, %(,( (-+3/$&'( 2!+3ﬁ%$+ "! < .(""C2!* !)!#7$+ 7,$ *3/$&'( $ -$"! 0! 0$0("4 I7!
!"#: $*(5$0$ !, 7, "!+230(+ +!,(#(8 R$"( 1'( "!5$ .(""C2!* (" 0$0(" "'( $+,$6!1$0("
*(%$*,!1#! ! I7$10( $ *3/$&'( < !"#$-!*!%30$4 (" 0$0(" "'( $#7$*36$0(" .$+$ $ -$"! 0!
0$0(" 1$ S1#!+1!#8
Q"#! .+(%!03,!1#( )(3 1!%!"":+3( 0!230( $ 31%(1"3"#T1%3$ 0$ *3/$&'( 0( *$-(+$#P+3( 0$
R$23$+ @(+#7/$* $ S1#!+1!#4 $""3, /$+$1#3,(" I7! ,!",( I7$10( 1'( !L3"#$ *3/$&'(4 ("
0$0(" "!5$, $+,$6!1$0(" *(%$*,!1#!4 ! .("#!+3(+,!1#! I7$10( +!!"#$-!*!%30$ $ *3/$&'(4
(" 0$0(" "!5$, $#7$*36$0(" .$+$ $ -$"! 0! 0$0(" +!,(#$8
E310$ < 0! +!".(1"$-3*30$0! 0( %3%*( 31ﬁ13#(4 +!%!-!+ $ &'!(# I7! %=!/$ 1( +:03(
;-!! 0( %((+0!1$0(+4 +!%(*=!+ $ 31)(+,$&'( +!)!+!1#! $ %$0$ "!1"(+ %(1#30( 1( #$1I7!4
2!+3ﬁ%$+ "! $*/7, .$+D,!#+( !"#$ )(+$ 0$ /$,$ 0! 2$*(+!" 03#( %(,( 1(+,$3" ! %$"(
1!%!"":+3( !123$+ 7,$ ,!1"$/!, 0! $*!+#$4 $23"$10( $( 7#3*36$0(+ 0! #$* $1(,$*3$8 @(+
ﬁ, (" 0$0(" "'( 03".(13-3*36$0(" .$+$ ( 7#3*36$0(+4 !1I7$1#( "'( $+,$6!1$0(" 1$ -$"!
0! 0$0("8
 !
 
!
"
#
$
%
&
'
(
)
*
!
%
"
$
%
+
%
,
-
+
-
,
.
/
-
0
1
2
,
%
3
%
4
.
,
.
,
%
,
-
4
'
&5
 !"#$% &'() *!%"$%+% ,-  .#/0 ,0 12,!"0 ,- 3$0"$%+%450 ,0 6$,#!70
'
&8
 !"#$% &'() *!%"$%+% ,-  .#/0 ,% 12.!3%450 ,-6-780.8!,% -+ 9:;<07'
&=
 !"#$%&' (
 !"#$% &% '(%)*)$'% + #!,-$"+ &%
./!0$%!#1+!)%
 !"# $ %&'($)*% +&# !,&("(-!&# * -%!.*%*'($/0& +&# 1"+-)&# * $!.-1$/2*# '*1*##3,-$#
!$,$ & 45'1-&'$%*'(& +$ 67789 4&- 4*-(& 5% *'#$-& 1&% (&+&# &# 1&%!&'*'(*# +$ ,*+*:
;*#(* 1$!<(5.& +*%&'#(,$,*%&# * $'$.-#$,*%&#9 (&+&# &# !$##&# *4*(5$+&# !$,$ =5* $
6778 #*>$ 1$!$? +* *4*(5$, $ %&'-(&,-?$/0& +&# ($'=5*#:
 !" #$%ﬁ'()*+,$ -$. )/-0$. 1233
 1&'ﬁ)5,$/0& +&# ,3+-&# 4&,$% *4*(5$+$# 1&% & $5A<.-& +$ 4*,,$%*'($ BCDEF9 +-#C
!&'-G-.-?$+$ !*.$ !,"!,-$ H-)- I'(*,'$(-&'$.9 & BCDEF !&+* #*, &G(-+& ),$(5-($%*'(*
'& #-(* +& 4&,'*1*+&,: J'(,*($'(& *#($ $!.-1$/0& *#(3 +-#!&'<K*. $!*'$# !$,$ & #-#(*%$
&!*,$(-K& L-'+&M#: N$,$ 5(-.-?$/0& *% +-#(,-G5-/2*# O-'5A P1&%& Q & 1$#& +& BG5'(5R9
S3 $ '*1*##-+$+* +* -'#($.$, & $!.-1$/0& L-'*9 1&%& ,*4*,-+& '& D$!<(5.& T:
;$ 8-)5,$ U:V (*%&# $# !,-'1-!$-# 1&'ﬁ)5,$/2*# +& ,3+-& BG** ,&5(*,W#*'#&, 5(-.-C
?$+& '& !,&("(-!&:
 !*#$, +$ *A-#(X'1-$ +* K3,-&# %&+*.&# +* ﬁ!"#$!%& +-#!&'<K*-# !$,$ & BG** 7*,-*
Y9 '& (*#(*# *4*(5$+&# '& .$G&,$(",-&9 $ K*,#0& BZY[CZ +*%&'#(,&5C#* %$-# *#(3K*. *
1&'#-#(*'(*9 4,*'(* $ &5(,$# K*,#2*# %$-# ,*1*'(*# 1&%& !&, *A*%!.& $ \ZY[C\Z: ]5$'+&
1&'ﬁ)5,$+& '*#($ 5.(-%$ K*,#0&9 $!*#$, +* &# +-#!&#-(-K&# *#($,*% '$ %*#%$ N ; IH9
'0& ,*1&'S*1-$% & 1$'$. +* 1&%5'-1$/0& +*(*,%-'$+& !*.& 1&&,+*'$+&, +$ ,*+* * '0&
*,$ !&##<K*. $ 1&%5'-1$/0&:
D&%& $ K*,#0& BZY[CZ 45'1-&'&5 !*,4*-($%*'(* * $(*'+*5 (&+$# $# '*1*##-+$+* !$,$
$ -%!.*%*'($/0& +$ 6778 * *#($ 4&- $ ﬁ,%M$,* *#1&.S-+$: ^ %&+& +* 45'1-&'$%*'(&
5(-.-?$+& 4&- & \-)G** 6&5(*,WJ'+ H*K-1*  NI9 =5* 1&%& >3 1-($+& Q 1$!$? +* 45'1-&'$,
1&%& 5% +-#!&#-(-K& ﬁ'$.9 #*% !*,+*, $# 45'1-&'$.-+$+* +* 5% +-#!&#-(-K& +& (-!&
,&5(*,:
 N ; IH *#1&.S-+$ 4&- $ Y_`_ P$!*'$# !&, 1&%&+-+$+*9 !&+*,-$ #*, 5(-.-?$+& =5$.C
=5*, K$.&,R9 & %&+& +* 45'1-&'$%*'(&  NI S$G-.-($+&9 $ K*.&1-+$+* +$ 1&%5'-1$/0&
#*,-$. 4&- 1&'ﬁ)5,$+$ *% aU__ * & '&%* +& +-#!&#-(-K& 4&- +$+& +* $1&,+& 1&% & ($'=5*
$ %&'-(&,-?$,:
H*K-+& $& 4$1(& +* & .$G&,$(",-& *#($, .-)$+& $ 5% )*,$+&, !$,$ !&##<K*-# 4$.S$# +*
*'*,)-$ * &# !,&("(-!&# $##-% 1&%& & #*,K-+&, $-'+$ *#($,*% .-)$+&# $ 5% FN7 P'()(*
+%!!,-+)./% 01#%! 21,!3%R9 1$!$? +* #5!&,($, & (*%!& +* 1&%5($/0& *'(,* $ 4$.S$ +*
*'*,)-$ * $ .-)$/0& )*,$+&,:  # 1&'ﬁ)5,$/2*# ,*4*,*'(*# $ )*#(0& +* *'*,)-$ * %&+&
  
 !"#$% &'() *+,ﬁ"#$%./+ 0+ 1233 %4$%567 0+ 18*9:'
 !""# !"# $#%&' ()*+*,&-&. !/.)& -*../%)&0"#1 2/*3&!-# &..*' )#-#. #. -*.4#.*)*5#. &)*6
5#. 7#!)*!(&'/!)/ ./%5*-# -/ 7&'*!8# &+)/%!&)*5# 4&%& 9(/ #. -&-#. -#. )&!9(/. '&*.
-*.)&!)/. 78/:(/' &# 7##%-/!&-#%1 ;.)/ 4%#7/-*'/!)# 4/%'*)*( 9(/ # /!5*# -#. -&-#.
-# <)&!9(/ =< 9(/ /.)> & ('& -*.)?!7*& 7#!.*-/%>5/+ -# 7##%-/!&-#% $#../' %//!7&'*6
!8&-#. 4#% (' -#. #()%#. )&!9(/. 78/:&!-# &)@ # 7##%-/!&-#%1 A %//!7&'*!8&'/!)#
-#. -&-#. 4#-/ ./% 7#!ﬁ%'&-# 9(&!-# -/.&)*5&'#. )#-#. #. #()%#. -*.4#.*)*5#. -&
%/-/ / # <)&!9(/ =<4/%-/( .(& 7#'(!*7&0"# 7#' # 7##%-/!&-#% C&.)#( +*:&% (' -#.
-*.4#.*)*5#. 4&%& %/7#'/0&% & 7#'(!*7&0"#1
D 7#!ﬁ:(%&0"# -# %>-*# EC// -# -*.4#.*)*5# 7##%-/!&-#% -& %/-/ -*$/%/ -& 7#!ﬁ6
:(%&0"# -#. -/'&*. %>-*#. (!*7&'/!)/ !# )*4# -/ $(!7*#!&'/!)#1 F&%& /.)/ EC// /'
9(/.)"# $#* ()*+*,&-& & #40"# G*:C// H##%-*!&)#% DFI1
 !" #$%&'()*+' (' ,-(./' $' 0&().$'
A D%-(*!# -*.4#!*C*+*,& & ./( 4%J4%*# &'C*/!)/ -/ )%&C&+8# / 4%#:%&'&0"# /.)/ &'C*6
/!)/ 4#-/ ./% ()*+*,&-# /' 9(&+9(/% .*.)/'& #4/%&)*5# -/ $#%'& .*'4+/. / 4%>)*7&1 ;.)/
$#* # &'C*/!)/ ()*+*,&-# 4&%& 7%*&% / 7#'4*+&% # 7J-*:# 4&%& # D%-(*!#1 K& L*:(%& M1N
O&P 4#-/'#. )/% ('& 5*."# :/%&+ -# I2;1 D+@' -/ 7%*&% 7#'4*+&% # 7J-*:# / 7&%%/:&6+#
4&%& & 4+&7& -# D%-(*!# /.)/ D'C*/!)/ -/ 4%#:%&'&0"# &*!-& 4#..*C*+*)& & )%#7& -/
*!$#%'&0Q/. 7#' # D%-(*!# &)%&5@. -/ (' '#!*)#%1 ;.)/ '#!*)#% ./%> ()*+*,&-# 4&%&
& 7#!ﬁ:(%&0"# *!*7*&+ -# D%-(*!# / 7&+*C%&0"# -#. ./!.#%/. 7#!$#%'/ L*:(%& M1N OCP D
*!)%#-(0"# -#. -&-#. !& 4+&7& D%-(*!# @ $/*)& -/ $#%'& .*'4+/. !/7/..*)&'#. &4/!&.
-/ ./+/7*#!&% # '#-/+# 2(/'*+&!#5/ / & 4#%)& -/ 7#'(!*7&0"#1 K/.)/ 4%#R/)# $#%&'
()*+*,&-&. &+:('&. C*C+*#)/7&. /3)/%!&. 7#'# @ # 7&.# -& ES//18 9(/ TL&+(-* NUVUW 7*)&
;&
 !" #$%&'()' *' +,-.,!$!/0- #,*1&(-  %" 2-(&)-, *' 3-$1(&3!/0- *&4+-(56'7 (-
+,8+,&- 9:;
<&.1,! =>?@ :'$-(4),!/0- *- !$%&'()' *' +,-.,!$!/0- ' *- 4'1 $-(&)-, 4',&!7>
 ! " # $%&'(  (#)'*" + " ,&($&%+*" - $( -'.-'%( *#)('/ 0(!( -('  1 !-$( 2$)'*"(,%0343
5(+*"  ")*" 6%6$%() 0*" + & !  ")*' *""(0%*+*" *( 789 +( :'+#%,(3
 !" #$%&'(')*+ ,+% ,-%.+%-&-/+% $+% &'$012%!
:-." (" +%"-("%)%&("  ")*' ! + &%+*! ,) *6'%;*+("  ! 0*%1*"/ 0(!( <(% + !(,")'*+(
,* = 0>?( @3A/ <('*! %,")*$*+("  ! #!* 6*''* 4('%B(,)*$/ $(0*$%B*+* -(' 0%!* +(" )*,C
D# / 0(,<('! -(+ " ' &%"#*$%B*+( ,* E%;#'* F3A3 G" " ,"(' " <('*! $%;*+(" *(" !.+#$("
 %,")*$*+("  ")'*) ;%0*! ,) ,(" )*,D# "/ 0(,<('! , 0 ""%+*+ +(" -*'H! )'(" * !(C
,%)('%B*'3 :- "*' + (" !.+#$(" ﬁ0*' ! -(' 0%!* +(" )*,D# "/ * %,")*$*>?( + 0('' #
+ <('!* "%!-$ "  " ;#'*/ -(+ ,+( " '  < )#*+* -(' D#*$D# ' #)%$%B*+('/ " ! , ,4#!*
 1- '%J,0%*  !  $ )'.,%0*3
 !3 45261)*+ ,' '.(-6')*+ .'7' 726+(8' ,+% ,',+% $+ %27/-,+7
:-." )(+(" (" !.+#$(" + &%+*! ,) %,")*$*+(" ,(" )*,D# "/ $%;(#C" ( +%"-("%)%&( 0(C
('+ ,*+(' +* ' + * #!* +*" -(')*" 2=K +( " '&%+('  %,%0%(#C" * *-$%0*>?( -*'*
!(,%)('%B*>?( +(" )*,D# "3 :- "*' + " -(+ '  1 0#)*' * *-$%0*>?( ,( ) '!%,*$/ *- C
,*" 0(! *  1 0#>?( +( " ;#%,) 0(!*,+( L-M)4(, " '& '3-ML/ <(% 0'%*+( #! *)*$4(/
0*-*0%)*,+( D# * *-$%0*>?( " N*  1 0#)*+* *- ,*" 0(! #! 0$%D# +#-$( 0(! ( '*)(
"(6' * ! "!*3 8 &%+( *( <*0)( + * *-$%0*>?(  < )#*' )(+*" *" 0(,ﬁ;#'*>O " , 0 "C
"P'%*" -*'* ( " # <#,0%(,*! ,)(/ *)Q ! "!( * + ) >?( +* -(')* 2=K -(' (,+ + & 
0(!#,%0*'/ )(',(# * *-$%0*>?( !#%)( "%!-$ " + " ' #)%$%B*+*3
AB

 !" #$%&$% $ '$%()&*+,% ,-&.+,%
 !" ! !#$%&'(! )% *+*,'-*. ! /0+1'!+*"%+&! )! -'-&%"* )% "!+'&!.'2*34!5 /!.*" %/%&0*6
)!- *,70+- &%-&%- % %+-*'!- ﬁ+*'-5 1!" ! '+&0'&! )% )%&%."'+*. -% ! 9.!&:&'9! 1!..%-9!+)'*
*! ;0% /!' 9.!9!-&!<
 !"!# $%&'% () *+%,'* -), .%/&*0%. (% '%1')
=*.* &%-&*. ! %+('! )*- "%+-*7%+- )% *,%.&*5 /!' -'"0,*+)! 0" %>1%--! )% *70* +!
?&*+;0% @?5 /*2%+)! -0'. ! +A(%, )! &*+;0% 9*.* (*,!.%- *1'"* )! %-&'90,*)!< B%-"!
1!" !- ;0*&.! &*+;0%- * %+('*. '+/!."*34! %" -'"0,&C+%! 9*.* ! 1!!.)%+*)!.5 *9:- !
+A(%, )! &*+;0% %-&*. *1'"* )!- (*,!.%- )%&%."'+*)!-5 ! &%"9! "D)'! +%1%--E.'! 9*.*
* .%1%34! )* "%+-*7%" )% *,%.&* /!' )% 0" "'+0&! % "%'!<  !"! ! &%"9! +%1%--E.'!
%+&.% * /*,F* +! 9*.C"%&.! % ! &!1*. )! *,*."% ,!1*, !1!..% )% /!."* 9.*&'1*"%+&%
'+-&*+&C+%*5 ! &%"9! "D)'! )! *&.*-! +* .%1%34! )* "%+-*7%"5 /!' #*-%*)! +! &!1*.
)! *,*."%< G!.*" %/%&0*)!- )%2 %+-*'!- 1!+-%10&'(!-5 ;0% 1!+-'-&'* %" -0#'. ! +A(%, )!
&*+;0% % *! &!1*. )! *,*."%5 1.!+!"%&.*. ! &%"9! *&D * .%1%34! )* "%+-*7%"<
H*)! *! /*1&! )% ;0% ! *,%.&* &%" 1!"! !#$%&'(! *('-*. 0" 0&','2*)!. ;0% +4! -%
%+1!+&.* 9.%-%+&% +! ,*#!.*&:.'!5 ! &%"9! +%1%--E.'! 9*.* ;0% ! 9*.C"%&.! %" 1*0-*
*,1*+1% (*,!.%- ).E-&'1!-5 D "0'&! "*'!.5 ;0*+)! 1!"9*.*)! 1!" ! &%"9! +%1%--E.'!
9*.* ! %+('! )* "%+-*7%"< I &%"9! )% *&.*-! %+&.% ! %(%+&! % * "%+-*7%" )% *,%.&*
%-&E )%+&.! )!- *1%'&E(%'- 9*.* %-&% &.*#*,F!<
 !"!2 3*+&)& *+%,'*& /) &%/&), (% /45%+
H0.*+&% * '"9,%"%+&*34! )%-&% 9.!$%&! )%9*.*"!- 1!" 0"* -'&0*34! )% *,%.&*- ?/*+6
&*-"*-?5 .%/%.%+&% *! +A(%, )! &*+;0%< J-&%- *,%.&*- !1!..'*" 9.'+1'9*,"%+&% )0.*+&%
* "*+0&%+34! )!- &*+;0%- 1!"! $E 1!"%+&*)! %" K<L< H0.*+&% !- 9.'"%'.!- &%-&%- )!
-%+-!. )% 0,&.*--!"5 F*('* * -'&0*34! )% '"%)'*&*"%+&% *9:- *,7! 9*--*. %+&.% ! -%+-!.
% * ,'+F* )* E70*5 /*2'* )'-9*.*. !- *,%.&*-< =*.* )%&%."'+*. -% ! 9.!#,%"* %-&*(* .%*,6
"%+&% -!,01'!+*)!5 ! -'-&%"* ﬁ1!0 "!+&*)! % /0+1'!+*+)! 9!. (E.'!- )'*- 1!+-%10&'(!-<
H0.*+&% %--% 9%.A!)! +4! F!0(% !1!..M+1'* )% 9.!#,%"*- 1!" ! )'-9*.! )!- *,*."%-<
 !"!6 3*+7*& (* 8)/%19) * :/'%,/%'
I0&.* 1*.*1&%.A-&'1* '"9!-&* )0.*+&% ! )%-%+(!,('"%+&! )%-&% 9.!$%&!5 /!' * +%1%--')*)%
)% 0" -'-&%"* ;0% "%-"! %" 1*-! )% /*,F*-5 /!--% +* .%)% %,D&.'1* !0 +* 1!+%>4!5 /!--%
1*9*2 )% 1!+&'+0*. .%1%#%+)! !- )*)!- 1!+&'+0*"%+&%<
N -!,034! %+1!+&.*)* 9*.* -09.'. *- /*,F*- )% 1!+%>4!5 /!' * '"9,%"%+&*34! )%
0"* .!&'+* 1*9*2 )% (%.'ﬁ1*. -% D 9!--A(%, ! *1%--! * O+&%.+%& % 1*-! +4! -%$*5 70*.)*
!- )*)!- ,!1*,"%+&%5 9*.* 9!-&%.'!. -0#"'--4! +* #*-% )% )*)!-< =*.* &%-&*. ! -%0
/0+1'!+*"%+&!5 1!" ! 9.!7.*"* * /0+1'!+*. % * 70*.)*. !- )*)!- )'.%&*"%+&% +* #*-%
)% )*)!- .%"!&*5 )%-,'7!6-% ! 1*#! )% .%)%< N9%-*. )% ! 1*#! %-&*. )%-,'7*)!5 * *9,'1*34!
1!+&'+0!0 * .%1%#%. * '+/!."*34! )!- &*+;0%- % * 9*--!0 * 70*.)*. !- )*)!- ,!1*,"%+&%5
+! "!"%+&! %" ;0% ! 1*#! /!' ,'7*)! % * 1!+%>4! .%-&*#%,%1')*5 !- )*)!- *+&%.'!."%+&%
70*.)*)!-5 /!.*" 1*..%7*)!- 9*.* * #*-% )% )*)!- .%"!&* )% /!."* 1!+&A+0* % -%"
9%.)* )% '+&%7.')*)%< P*&'-/*2%+)! *--'" *- %>9%1&*&'(*- '"9!-&*- 9*.* %-&% &%-&%<
 !
 !"#$%&' (
 !"#$%&'(& ( )*+,+$-!& .%)%*!&
 ! "#!"#! #$#"%&'(! )(* ( +,("-".+( ﬁ0&1 *(!",&,&* ,#!%1"&'(! !&".!$&"-,.(!2 ( '#3
!#04(14.*#0"( '(! )-'.5(! +,(+(!"(! +&,& ( 6,'%.0( # +&,& ( !#,4.'(, '#*(0!",&*
& .*+(,"70).& '( )(08%0"( 9&,':&,#3!($":&,# 0( '#!#04(14.*#0"( '# %*& ;<<= +&,&
*(0."(,.>&?@( '# !.!"#*&!2 0#!"# )&!( '# &A%&)%1"%,&B 6+#!&, '# 0@( !#, %*& !(1%?@(
)(*+1#"& +&,& & *(0."(,.>&?@( '#!"# ".+( '# &*C.#0"#2 (! ,#!%1"&'(! ﬁ0&.! $(,&* !&".!3
$&"-,.(!2 '#*(0!",&0'( A%# (! (C8#".4(! .*+(!"(! 0( .0.).( '( +,(8#"( $(,&* &1)&0?&'(!B
6 #!)(19& !#1#).(0&'& '(! !#0!(,#!2 # '(! #A%.+&*#0"(! "("&1.>(% %* )%!"( *D'.( +(,
+,("-".+( '# EFG2HH #%,(!2 #!"# 4&1(, 0@( .0)1%. )%!"( '# *@( '# (C,& +&,& *(0"&5#*B
 ! 4&1(,#! '.!+(!"(! 0& I&C#1& GBF2 '#*(0!",& A%# ( +,("-".+( D 4.J4#1 #)(0(*.)&*#0"#B
K,(4&0'( A%# D +(!!L4#1 .*+1#*#0"&, %* !.!"#*& '# *(0."(,.>&?@( +&,& A%&1A%#, &*3
C.#0"#2 !#8& #1# &A%J".)( (% 0@(2 )(* )%!"(! ,#1&".4&*#0"# C&.M(!2 A%&0'( )(*+&,&'(
)(* (%",&! !(1%?N#! #M.!"#0"#! 0( *#,)&'(B O(*( #M#*+1(2 )."( %* !.!"#*& )&+&> '#
*(0."(,.>&, +&,7*#",(! #* "&0A%#! '# &A%&)%1"%,&2 +,(+(!"( +#1& #*+,#!&  !"#$%#!&'
()*!+)# ,-'!"$' A%# +('# !#, 4.!%&1.>&'& 0( 60#M( GB
 !"#$ %&'($ '$) *$%+$,",-") '$ +!$-.-(+$
 !"#!$%$&% '()$&*+)+% ,)-!.
/.+(*$! 0()"*-%$!1% 2 34544 e
67%% 89*%-+ 2 2:544 e
;<+*! 67%% 83 2 3=544 e
>-&.)??!" @ A8;4= 2 B544 e
#@CD;E /+)#&%. 3 3F544 e
G-H&.!+! #@ 2 3I544 e
G-H&.!+! D;E 2 J4544 e
8%$?!. 082FK34 2 J544 e
/01$! 2$-01 32I544 e
L)7%-) IM2N  (?&! "H+*! #).) )O(*?*PQ! +!? #.*$R*#)*? R!"#!$%$&%? +! #.!&S&*#!M
6 %".1.>&?@( '(! *-'%1(! PC##! # & .*+1#*#0"&?@( '& ;<<=2 "(,0(% )&+&> & ),.&?@(
'# %* !.!"#*& ﬂ#ML4#1 # +(,"J4#1B R1.*.0&0'( & #M)#!!.4.'&'# '# )&C(! #M.!"#0"#! 0(!
!.!"#*&! '# *(0."(,.>&?@(B
R* ,#1&?@( & ",&0!*.!!@( '(! '&'(!2 $(. +(!!L4#1 '#"#,*.0&, A%# ( &1)&0)# '& )(3
*%0.)&?@( D %*& )&,&)"#,L!".)& '#+#0'#0"# '& )(0ﬁ5%,&?N#! %".1.>&'&2 +('#0'( !#,
J4
 ! "# ! $%&'%()*  &*$*++,! !* !% +,+#*)  )%&,#%(,- (.
/ +%'#0 (*  "*+ ( !* &1% #*( 2) ,&#*(' $* +,)"3*+ *  ),456*37 &*) "*(),#,( $%&ﬁ9
42( :;*+ * $%&+23# + "%( " (#* !% 2#,3,- !%(. <2)"(*  + '2&:;*+ =2* 3>* '%( ) !*#*(9
),& ! +.
?% 4*( 3 "%!*)%+ $%&$32,( =2* *+#* "(%@*#% $2)"(* %+ %A@*#,6%+ ,&,$, 3)*&#* "(%9
"%+#%+. B&#(*# &#% #( # &!%9+* !* 2) "(%#C#,"%7 >5 )2,# $%,+ "%( ' -*( * )*3>%( (.
D++,) +*&!%  "(*+*&#%  342) + +%32:;*+ " ( #( A 3>%+ '2#2(%+7
 D!,$,%& ( +*&+%(*+ !* <3 (E7 " ( =2* +*@ "%++F6*3  !*#*(),& :1% ! =2 &#,! !*
!* %G,4H&,% !,++%36,!% & 542 7 ' #%( !* 4( &!* ,)"%(#I&$, & )%&,#%(,- :1% !*
+,+#*) + !*  =2 $23#2( .
 D!,$,%& (  #2 !%(*+ " ( =2* % +,+#*)  3H) !* )%&,#%(,- ( %+ " (I)*#(%+7 # )9
AH) +*@ $ " - !* %+ $%&#(%3 (.
 J*+*&6%36*( 2) $,($2,#% *3*#(C&,$% K&,$%7 $ " - !*  $%)%! ( % L,$(%$%&#(%3 !%(7
(5!,% MA**7 * %+ !*) ,+ $%)"%&*&#*+ !* > (!0 (* &*$*++5(,%+ " ( '2&$,%& )*&#%
!% *=2," )*&#%.
 N)"3*)*&# :1% !* 2)  "3,$ :1% " ( !,+"%+,#,6%+ )C6*,+7 "*(),#,&!%  )%&,#%9
(,- :1% !%+ # &=2*+ !* =2 3=2*( 3%$ 3,- :1%.
 L*3>%( (   "3,$ :1% !% +*(6,!%(7  !,$,%& &!% 2) ,&#*(' $* 4(5ﬁ$ " ( 2) 
)*3>%( )%&,#%(,- :1% !%+ # &=2*+ * ,&#*( :1% $%) % 2#,3,- !%(.
 D"*+ ( !* &1% +*( % "%&#% $> 6* &*+# !,++*(# :1%7 ) + +*&!% 2) ! + ) ,%(*+
=2 3,! !*+ ! + (*!*+ OPPQ 2#,3,- &!% % "(%#%$%3% R,4A**. S(%"%&>% # )AH) %
*+#2!% ! *ﬁ$,T&$, *&*(4H#,$ * "%++F6*3 )*3>%(, !% +,+#*) .
 /2#(% ' #%( ,)"%(# &#* =2* "%!*(, +*(  A%(! !% &% '2#2(%7 +*(, 2) *+#2!% " ( 
2#,3,- :1% !* 2) $%)2&,$ :1% !* ! !%+ +*42( 7 2) 6*- =2* % MA** "*(),#*
$(,"#%4( ﬁ & $%)2&,$ :1% !%+ ! !%+.
 !
 !"#!$%&'ﬁ'
 !"# $!%&'( )*+,"*-# )%.%-/**. 0*12*3%.43* 5*!-'3-6 789:# ;<=  !!"#$$%%%&'(')*+&
,*-#
$3>4,!'# $3>4,!' )4*1,&%!'+*6 789:# ;<= './01(*&,,$2($3'1($
'./01(*4*'./502-1)'(*62#
?'-@ <# $A,!/*,3%# 5*!-'3*- * $".4%>'3*-6 788B# ;<=  !!"#$$)'.7&-2,&0'&
"!$"08)1,$9:;<=>?.*@2,!7$A0-'(*1/$=>>BC5'61/D'-21.*CE1)1"2F'.6') *$
G2(7*.27$7'CH*) '7&"/H#
C%3,% D# E%33*.'# C@.'>' F'&%3'(3Gﬁ"' I J&@".3'>' >* KL,(@!,' 0,2' D&%3M6 788N#
;<=  !!"#$$%%%&8'..2!*&0',&"!$8I=C".'!$>BC2)2,!J=&"/H #
?'-*2/ ?# D%33 ?'/! C# E3'O!#  !"#$%&'"($! "$ )($*+%(',- ./&(0*+!" 1+'2!$-$345
12(#% .%("($!# 7897#
$.1*& D'32'3%.,'!# D$P<979Q J!/%!",!( $)D 3*-'&4.,'! RS '+*3-%12&,!(6 788T# ;<=
 !!"#$$%%%&'!-2)&,*-$K-'+27$/*,L>>M&"/H #
),(,6  !.*3!%.,'!%&# UE** VUE**IF<K WE <X C'>4&*-6 7897# ;<=  !!"#$$%%%&
/1+1&,*-#
<'R*3. X%&4>,# )&(-%(!3 6(#+-+77 8+!7$# 9+":$#;7 # 7898#
)3*O Y,-&%-'!# <(3=++ 6(#+-+77 9+":$#;(!3# 788Z#
D'32'3%.,'! Y&'&%R# <*&%S-6 0/* J&*".3'1*"/%!,"%& %12&,ﬁ*36 789:# ;<=  !!"#$$%%%&
+)*)'8&,*-$.2)'N7$.2)'N7& !-)#
5@3(,' C#C# ?*-4-# F3'"*--%1*!.' ),(,.%& >* 5,!%&6 788T# ;<=  !!"#$$%M&0')+&"!$
O7@2707$'0)'7$"/7#
<S* <,1 =**# $ 5.4>S '!  JJJ Z87#9T#[ R%-*> X%".'3S $4.'1%.,'! 5S-.*1 ,! \,3*&*--
]*.O'3M6 788^#
)*!,-* =*1*-# >$7"3#+8?@ A B$!'+("$7 + C0-(',DE+7# J3,"%6 788[#  5E] ^NZZTN9^[Z^8N#
D/%3&*- E'3(*- >* =,1%# K- F'>*3'-'- 1,"3'"'!.3'&%>'3*- $P<6 788^#
K..' ?%"'R =,._*!-# $4.'1%`a' >* J-.4b%- $(3c"'&%- ;.,&,A%!>' 5*!-'3,%1*!.' <*1'.'
* ' F3'.'"'&' W,(R**6 788^#
$!.'!,' $# X# ='43*,3'# <*>*- >* 5*!-'3*- -*1 X,'-6 788Z# ;<=  !!"#$$%%%&1,&
0(1,'-"&8.$O,-8-$/27'H1*7CG4F$)*0.21.*.2/272(7*.27&"/H #
 !
 !"# $%&'(  !)*+,%)*"# -%)%./**) -0123456 4517# 89:  !!"#$$%&!&' ((!')
*&+,*,-!(./&!(%)01*$(-$%'$2345678)"%9 #
;<=!.= ># $*"'!% %!" :*=!%,"= >/?'<# $="*@%+*( * 0'(A@%BC= "* DE*!)=. -'.F,*)=.
6 455G#
;!)=!'= 9# $*..'%.# >=!),=@* ,*(=)= * %HA'.'BC= "* "%"=. E'% I3**JK'+3** L DDD
254#1M#NO6 4517# 89:  !!"#$$:::)/1.(/01*)01*$#
:AP. Q*,!%!"= R%).S=# QA!F'=!%(*!)= * 8)'@'T%BC= "* 0*!.=,*.6 455G#
89:  !!"#$$:::)*&+:(;;<1 /)01*)</$%1:-;1&%'$/1<1!,0&$*(04888=>%/?888$
!@!1/,&;=(;(!/1-,0&=A=&";,0&01('=(=9@-0,1-&*(-!1=%(='(-'1/(')"%9 #
U%"*A V=.W 0'@E% 9=",'+A*.# 0*!.=,*. "* XY6 4515#
$%,F= ;!)=!'= Z'*',% 0%@*.# 0'.)*(% "* .AX*,E'.C= * F=!),=@* "% F=!F*!),%BC= "* ('[
F,=%@+%. * )*(X*,%)A,% !% (%)A,%BC= "* =.),%. *( )%!HA*. "* FA@)'E=6 455N#
R%),'F'= 0*,*!"*,=# \=,(%@'T%BC= 3%.* "* -%"=.6 4511#
R*)*, 0)%@@'!+%#  !.),A(*!)%)'=!6 4511# 89:  !!"#$$:::)'!&;;,-.&)1/.$B0&%B0!,C$
D(0!@/('$EBDF$G (1/H$44=E-'!/@*(-!&!,1-$E-'!/@*(-!&!,1-)"%9 #
R*)*, 0)%@@'!+%#  !"#$%&'!#(#)*! +,'-#$*!)-# 4514#
ZP)=, ],%"* U%E%,*. %!" V=.W $%F/%"= 0'@E%# >=!E*,.=,*. ;!%@^+'F=J-'+')%@ * -'[
+')%@J;!%@^+'F=6 455M# 89:  !!"#$$"&.,-&')9()@")"!$IJ*'$KL$01-C(/'1/('B2)
"%9#
 !F# U*&%.  !.),A(*!).# -%)%./**) U*(X*,%)A,* 0*!.=,.6 4517# 89:  !!"#$$:::)!,)
01*#
 !
  
 
 
 
 
 
  
 
Assunto/Subject: Ref.ª: 4381180612R 
Orçamento para sistema de monitorização de piscicultura 
 
Exmo(s) Senhor(es),  
 
Conforme solicitado, segue-se o orçamento para os trabalhos em epígrafe com as condições a seguir descriminadas: 
 
1- Construção e fornecimento de um quadro elétrico para a monitorização de um sistema de piscicultura, com 
integração no S-Monitor, e com as seguintes características: 
a) Caixa em PVC; 
b) Módulo de entradas digitais; 
c) Módulo de entradas analógicas; 
d) Conversor RS485; 
 
Fornecimento dos seguintes equipamentos: 
e) Uma sonda de oxigénio dissolvido + temperatura com transmissor; 
f) Seis sondas de nível magnéticas; 
g) Dois transmissores para sondas PT100; 
h) Fonte de alimentação 230V/24V; 
i) Quatro Relés adequados para o efeito; 
j) Equipamento UPS; 
k) Modem GSM;  
 
Fornecimento e configuração do sistema de controlo remoto do sistema composto pelos seguintes itens: 
l) Licença de utilização do software de gestão técnica S-Monitor 50 variáveis; 
m) Configuração de computador para o utilizador; 
 
2- Inclusões e exclusões deste orçamento: 
a) Este orçamento não contempla mão-de-obra para a instalação do quadro elétrico e restantes 
equipamentos no local da instalação; 
b) Este orçamento contempla construção do quadro nas instalações da Itelmatis, e fornecimento do 
mesmo em conjunto com os restantes equipamentos; 
c) Este orçamento não contempla um PC, apenas contemplando a configuração do mesmo. 
 
Alínea Descrição 
Valor da 
Proposta 
Itens * 
Aceites 
1 Construção e fornecimento de sistema de monitorização para piscicultura €2.541,43   
 
Para/To: 
Paulo Pedro 
Caviar Portugal 
ppedro@caviarportugal.com 
 
Adelino Venturinha 
Rua da Fonte Velha, Edif. Duas Palmeiras 
Pechão, 8700-178 Olhão 
T   +351 289 821 003 
F   +351 289 812 358 
E-Mail: adelinoventurinha@itelmatis.com 
 
